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$ QHZ & ZRUNEHQFK WR GHYHORS GLVFUHWH HOHPHQW VLPXODWLRQV *UDQ22
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 &156 ) 7DOHQFH )UDQFH
∗GDPLHQDQGUH#HWXXERUGHDX[IU
$EVWUDFW 'LVFUHWH 0RGHO LV EDVHG RQ WKH GHVFULSWLRQ RI WKH SK\VLFDO VWDWH YHORFLW\ SRVLWLRQ WHPSHUDWXUH PDJQHWLF
PRPHQW HOHFWULF SRWHQWLDO  RI D ODUJH QXPEHU RI GLVFUHWH HOHPHQWV WKDW IRUP WKH PHGLD WR EH VWXGLHG ,W LV QRW EDVHG
RQ D FRQWLQXRXV GHVFULSWLRQ RI WKH PHGLD 7KXV LW LV SDUWLFXODUO\ ZHOO DGDSWHG WR GHVFULEH PHGLD HYROXWLRQ GULYHQ
E\ GLVFRQWLQXRXV SKHQRPHQD OLNH WKH GHVFULSWLRQ RI PXOWL IUDFWXUDWLRQ IROORZHG E\ GHEULV I RZ OLNH ZHDU VWXG\
5HFHQWO\ WKH XVH RI GLVFUHWH PRGHO KDV EHHQ ZLGHQHG WR IDFH SUREOHP HQFRXQWHUHGZLWK FRPSOH[ UKHRORJLFDO EHKDYLRU
DQGRU PXOWLSK\VLFDO EHKDYLRU 0XOWLSK\VLFDO SUREOHPV IDFH FRPSOH[ PDWKHPDWLFDO IRUPXODWLRQ EHFDXVH RI WKH
PL[LQJ RI GLIIHUHQW IDPLOLHV RI GLIIHUHQWLDO HTXDWLRQV ZKHQ FRQWLQXRXV DSSURDFK LV FKRVHQ :LWK WKH GLVFUHWH PRGHO
HDFK SDUWLFOH KDV D SK\VLFDO VWDWH DQG VWDWH HYROXWLRQ LV GXH WR ORFDO SK\VLFDO SDUWLFOH LQWHUDFWLRQ LW LV RIWHQ PXFK
VLPSOH WR ZULWH 7R KHOS DQG SURPRWH UHVHDUFK LQ WKLV DUHD D IUHH SODWIRUP *UDQ22 KDV EHHQ GHYHORSHG XQGHU D
& HQYLURQPHQW DQG LV GLVWULEXWHG XQGHU WKH *3/ OLFHQVH 7KH PDLQ DVSHFW RI WKLV SODWIRUP LV SUHVHQWHG LQ WKLV
H[WHQGHG DEVWUDFW DQG RQH DSSOLFDWLRQ LV JLYHQ DV H[DPSOH 'HWDLOV FDQ EH IRXQG RQ XUO ZZZJUDQRRRUJ
.H\ZRUGV GLVFUHWH HOHPHQW PHWKRG '(0 & &RGH GHYHORSPHQW
 ,1752'8&7,21
7R VWXG\ FRPSOH[ SKHQRPHQD OLNH ZHDU PXOWLIUDFWXULQJ RU PDFKLQLQJ WKH XVH RI DGDSWHG QXPHULFDO WRROV WR XQ
GHUVWDQG DQG SUHGLFW WKH FRQWDFW EHKDYLRU LV QHFHVVDU\ )LQLWH HOHPHQW PHWKRG LV RIWHQ XVHG ,WV JUHDW DGYDQWDJH LV
GXH WR WKH IDFW WKDW LW LV HDV\ WR XVH DQG FRPPHUFLDO VRIWZDUH DUH ZLGHO\ GLVWULEXWHG %XW I QLWH HOHPHQW PHWKRG IDFHV
GLII FXOWLHV WR GHVFULEH PXOWL IUDFWXUDWLRQ IROORZHG E\ GHEULV OLNH LQ ZHDU VWXG\ 0ROHFXODU G\QDPLF PHWKRGV DUH
PRUH DQG PRUH XVHG IRU WKH VWXG\ RI FRPSOH[ SUREOHPV ,Q WKDW I HOG VRPH RSHQ VRIWZDUH H[LVWV DQG FDQ EH XVHG E\
D ODUJH QXPEHU RI VFLHQWLVWV %XW WKH VLPXODWHG WLPH DQG VSDFH VFDOHV DUH RIWHQ OLWWOH FRPSDUHG WR WKH SKHQRPHQRQ
VFDOHV ,Q WKH SDVW WHQ \HDUV GLVFUHWH HOHPHQW PRGHOV KDYH EHHQ VKRZQ WR EH DQ LQWHUHVWLQJ WRRO WR WDNH LQWR DFFRXQW
WKH FRQWDFW DW WKH ULJKW VFDOH DQG WR VROYH PXOWL SK\VLFDO SUREOHPV 8QIRUWXQDWHO\ GLVFUHWH HOHPHQW VRIWZDUH DUH
RIWHQ µRQH XVH VRIWZDUH¶ DQG WKHUH LV D ODFN RI HDV\ WR XVH GLVFUHWH HOHPHQW PRGHO VRIWZDUH 7KH FRQVHTXHQFH LV
WKDW VWXGLHV XVLQJ GLVFUHWH HOHPHQW PRGHO DUH UHVWULFWHG GXH WR VRIWZDUH GLII FXOWLHV 7KH *UDQ22 ZRUNEHQFK KDV
EHHQ GHYHORSHG LQ RUGHU WR RIIHU WR WKH VFLHQWLI F FRPPXQLW\ IUHH DQG HDV\ WR XVH GLVFUHWH HOHPHQW VRIWZDUH 7KLV
SDSHU EULHI \ UHFDOO WKH PDLQ DVSHFW RI WKH GLVFUHWH HOHPHQW PRGHO GHYHORSHG LQ *UDQ22 7KHQ WKH PDLQ DVSHFW RI
WKH *UDQ22 ZRUNEHQFK LV SUHVHQWHG DQG RQH H[DPSOH LV JLYHQ
 7+( ',6&5(7( (/(0(17 02'(/
7KH GLVFUHWH HOHPHQW PHWKRG '(0 FDQ GHVFULEH TXLWH QDWXUDOO\ D JUDQXODU PHGLXP 7KH GHYHORSPHQW RI WKLV
PHWKRG EHJDQ LQ WKH HDUO\ V >@ 0RUH UHFHQWO\ UHVHDUFKHUV KDYH DGDSWHG WKLV PHWKRG WR VWXG\ WKH GDPDJH RI
KHWHURJHQHRXV VROLGV VXFK DV FRQFUHWH >@ RU URFN >@ DQG KRPRJHQHRXV PDWHULDOV VXFK DV FHUDPLFV >@ RU VLOLFD
JODVV >@ ,Q WKHVH ZRUNV WKH GLVFUHWH HOHPHQW PHWKRGV GHVFULEH WKH PHGLD DV DQ DVVHPEO\ RI D JUHDW QXPEHU RI
LQWHUDFWLQJ HOHPHQWV ZLWK FRKHVLYH ERQGV $ IDLOXUH FULWHULRQ LV LQWURGXFHG WR EURNH WKH ERQGV WKDW UHDFK D JLYHQ
YDOXH RI VWUDLQ >@ RU VWUHVV >@ 7KLV SURFHVV PLPLFV FUDFN IRUPDWLRQ LQ D JLYHQ PHGLD :LWK WKLV PHWKRG WKH PDLQ
GLII FXOW\ LV
 ' $QGUp HW DO | <RXQJ ,QYHVWLJDWRUV &RQIHUHQFH 
 WKH FKRLFH RI WKH FRQVWLWXWLYH HTXDWLRQV RI WKH LQWHUDFWLRQ EHWZHHQ GLVFUHWH HOHPHQWV DQG
 WKH FDOLEUDWLRQ RI WKH SDUDPHWHUV RI WKH FKRVHQ FRQVWLWXWLYH HTXDWLRQ
$ SDUW RI WKLV GLII FXOW\ ZDV WUHDWHG IRU EULWWOH HODVWLF PDWHULDOV >@ DQG ZDV LPSOHPHQWHG LQ WKH *UDQ22 ZRUNEHQFK
7KH VWDEOH EUDQFK RI WKH *UDQ22 SURMHFW XVHV VSKHULFDO SDUWLFOHV UHJXODU FRQWDFW ODZV EHDP HOHPHQWV IRU WKH MRLQW
EHWZHHQ GLVFUHWH HOHPHQWV RI D VDPH PHGLD DQG DQ H[SOLFLW LQWHJUDWLRQ DOJRULWKP 7KLV FKRLFH LV ZHOO DGDSWHG WR
 VROYH G\QDPLF SUREOHPV ZLWK HIIHFWV DW OLWWOH WLPH VFDOH 7KLV SURSHUW\ LV LQGXFHG E\ WKH H[SOLFLW LQWHJUDWLRQ
DOJRULWKP WKDW IRUFHV WKH WLPH VWHS WR EH VPDOO
 PDVVLYH '(0 VLPXODWLRQV 7KH VSKHUH VKDSH RI WKH GLVFUHWH HOHPHQW DOORZV D YHU\ IDVW FRQWDFW GHWHFWLRQ
7KH GLVFUHWH HOHPHQW PHWKRG GHYHORSHG LQ *UDQ22 LV EDVHG RQ WKH IROORZLQJ SK\VLFDO GHVFULSWLRQ
• WKH GLVFUHWH HOHPHQW VWRUHV WKH PDVV YROXPH DFFHOHUDWLRQV YHORFLWLHV DQG SRVLWLRQV DQG LV DEOH WR VWRUH RWKHU
SK\VLFDO SURSHUWLHV PDJQHWLF PRPHQW HOHFWULF SRWHQWLDO HWF
• WKH MRLQW VWRUHV WKH UKHRORJLFDO EHKDYLRU DQG
• WKH FRQWDFW VWRUHV WKH LQWHUIDFH EHKDYLRU
7KH QH[W VHFWLRQ ZLOO VKRZ KRZ WKLV SK\VLFDO GHVFULSWLRQ KDV EHHQ WUDGXFHG LQWR WKH & SODWIRUP *UDQ22
 $5&+,7(&785(
7KH DLP RI WKLV REMHFW RULHQWHG ZRUNEHQFK LV WR SURYLGH FODVV OLEUDULHV WKDW FDQ EH XVHG WR EXLOG WKH '(0 VLPXOD
WLRQ DGDSWHG WR D VSHFLI F SUREOHP 7KH *UDQ22 ZRUNEHQFK LV EDVHG RQ WKUHH PDLQ & OLEUDULHV WKDW IRUPV WKH
*UDQ22¶V $3, $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH WKH JHRPHWULFDO WKH '(0 DQG WKH XWLOLW\ OLEUDULHV 7KH XWLOLW\
OLEUDU\ WKDW SURYLGHV VRPH WHFKQLFDO DQG VSHFLI F FRPSXWHU HQJLQHHULQJ WRROV ZLOO QRW EH GHWDLOHG KHUH
$ '(0 VLPXODWLRQ LQYROYHV PDVVLYHO\ EDVLF JHRPHWULFDO RSHUDWLRQV 7KH FKDOOHQJH LV WR SURSRVH DQ KLJK OHYHO
& FODVV LQWHUIDFHV WKDW PRGHO JHRPHWULFDO HQWLWLHV ZLWKRXW ORZHULQJ SHUIRUPDQFHV ,Q WKH *UDQ22¶V JHRPHWULFDO
OLEUDU\ WKH RULHQWDWLRQV DUH GHVFULEHG E\ TXDWHUQLRQV WKDW LV DQ HII FLHQW ZD\ WR FRPSXWH DQJXODU URWDWLRQ > @
$Q RULJLQDOLW\ RI WKLV OLEUDU\ LV WR H[SUHVV WKH FRRUGLQDWHV RI WKH JHRPHWULFDO HQWLWLHV DORQJ D UHIHUHQFH IUDPH 7KLV
PHFKDQLVP DOORZV DQ IDVW DQG HDV\WRXVH FKDQJLQJ IUDPH RSHUDWLRQV IRU YHFWRUV SRLQWV PDWUL[ DQG TXDWHUQLRQV
DQG IDFLOLWDWH WKH ZULWLQJ RI FRPSOH[ JHRPHWULFDO SUREOHPV 7KH SHUIRUPDQFH RI WKLV OLEUDU\ ZDV YDOLGDWHG WKRXJK
EHQFKPDUNV LQ FRPSDULVRQ RI WKH OLQHDU DOJHEUD OLEUDU\ EOLW] >@
7KH '(0 OLEUDU\ SURYLGHV WKH FODVVHV XVHG WR PRGHO DOO WKH '(0 LQJUHGLHQWV GLVFUHWH HOHPHQWV ERQGV PHFKDQLFDO
FRQWDFWV WKHUPDO FRQWDFWV VPRRWK FRQWDFW SURFHVVLQJ RSWLPL]HG FRQWDFW GHWHFWLRQ DOJRULWKP HWF 7KLV OLEUDU\ LV
WKH FRUH RI WKH *UDQ22 ZRUNEHQFK ,W DOORZV WR GHVFULEH DQG PRGHO WKH SK\VLFDO ODZV LQWURGXFHG LQWR WKH '(0
VLPXODWLRQ
,Q DGGLWLRQ WKH *UDQ22 GLVWULEXWLRQ LQFOXGHV DOVR VRPH XVHIXO WRROV
• 7KH FRRNHU SURJUDP FDQ EH XVHG WR FUHDWH WKH GLVFUHWH GRPDLQV UHTXLUHG IRU WKH '(0PRGHOLQJ RI FRQWLQXRXV
PHGLD FRRNHU LWVHI LV DQ DSSOLFDWLRQ FUHDWHG WKDQN WR WKH *UDQ22 ZRUNEHQFK ,W LV GHVLJQHG WR JXDUDQWHH
XVHUV WKDW WKH GLVFUHWH GRPDLQ FUHDWHG KDV WKH ULJKW FRRUGLQDWLRQ QXPEHU WR HQVXUH VDWLVI\LQJ LVRWURSLF DQG
KRPRJHQHRXV SURSHUWLHV >@
• 7KH JGGYLHZHU SURJUDP LV D JUDSKLFDO DSSOLFDWLRQ WKDW FDQ EH XVHG WR GUDZ WKH GLVFUHWH GRPDLQ DW GLIIHU
HQW VLPXODWLRQ WLPH VWHSV ,W FDQ SORW FRORUHG GUDZLQJV RI WKH GLVFUHWH GRPDLQ VKRZLQJ VHOHFWHG SK\VLFDO
TXDQWLWLHV VHH I JXUH 
• 6RPH 3\WKRQ VFULSWV WKDW KHOS WKH XVHUV WR FDOLEUDWH WKH PLFURVFRSLF SURSHUWLHV WR EXLOG GLVFUHWH GRPDLQV DQG
WR SRVWWUHDW WKH GDWD JLYHQ E\ D VLPXODWLRQ
3\WKRQ LV D SURJUDPPLQJ LQWHUSUHWHG ODQJXDJH VHH IUUQXXXQZUIPOPSH
' $QGUp HW DO | <RXQJ ,QYHVWLJDWRUV &RQIHUHQFH  
)LJXUH  ([HPSOH RI GLVFUHWH GRPDLQ FUHDWHG ZLWK WKH FRRNHU SURJUDP DQG GUDZQ E\ WKH JGGYLHZHU SURJUDP 7KH
GLVFUHWH F\OLQGULFDO VDPSOH LV ORDGHG LQ D WRUVLRQ PRGH ZKHUH DQ HTXDO DQG RSSRVLWH WRUTXH LV DSSOLHG WR WKH IDFHV RI
WKH VDPSOH 7KH FRORU VFDOH FRUUHVSRQGV WR WKH QRUP RI WKH GLVFUHWH HOHPHQW GLVSODFHPHQWV
 86$*(
7KH *UDQ22 ZRUNEHQFK LV QRW D VRIWZDUH 7KLV LV D VHW RI WRROV DQG $3,V WKDW KHOS WKH XVHU LQ WKH GHYHORSPHQW RI
D VSHFLI F QXPHULFDO '(0 H[SHULPHQW ZLWK FRQVLVWHQF\ ,W LV QRW SRVVLEOH IRU WKH *UDQ22¶V GHYHORSHUV WR SODQ DOO
WKH QHHG ZDQWHG E\ WKH XVHUV IRU D VSHFLI F DSSOLFDWLRQ %\ WKH ZD\ LI D XVHU GRQ¶W I QG D GHVLUHG EHKDYLRU LQ WKH
*UDQ22 ZRUNEHQFK KH FRXOG GHYHORS LW WKDQNV WR WKH WRROV SURYLGHG E\ *UDQ22 $ SDUWLFXODU HIIRUW ZDV GRQH WR
IHOLFLWDWH WKHVH VSHFLI F GHYHORSPHQWV 7KH XVHU FRXOG LPSOHPHQW LWV RZQ GHVLUHG EHKDYLRU E\
 XVLQJ WKH RULHQWHG REMHFW DUFKLWHFWXUH DQG LPSOHPHQW D QHZ FODVVHV WKDW GHULYH IURP D FODVV SURYLGHG E\
WKH *UDQ22¶V $3, 7KLV LV D YHU\ YHUVDWLOH PHWKRG EXW LW UHTXLUHV NQRZOHGJH LQ RULHQWHG REMHFW DQG &
SURJUDPPLQJ
 XVLQJ WKH SK\VLFDO SURSHUWLHV PHFKDQLVP SURYLGHG E\ WKH '(0 OLEUDU\ ,W DOORZV WR DGG G\QDPLFDOO\ D QHZ
FRPSRUWPHQW DQG DWWULEXWHV WR WKH GLVFUHWH HOHPHQWV
 XVLQJ WKH SOXJLQ PHFKDQLVP SURYLGHG E\ *UDQ22
$ *UDQ22¶V DSSOLFDWLRQ LV FRQVLGHUHG DV D VHTXHQFH RI VSHFLI F WUHDWPHQWV 7KHVH WUHDWPHQWV DUH VSHFLI HG LQVLGH D
SOXJLQ 7KHVH SOXJLQV FRXOG EH SURYLGHG E\ WKH *UDQ22 ZRUNEHQFK RU GHYHORSHG E\ D XVHU 7KH H[KDXVWLYH OLVW RI
VWDQGDUG SOXJLQV SURYLGHG E\ *UDQ22 LV DYDLODEOH LQ WKH GRFXPHQWDWLRQ ([DPSOHV RI VWDQGDUG SOXJLQ DUH
• LQVWDQWLDWLRQ RI EHDPV EHWZHHQ VHOHFWHG GLVFUHWH HOHPHQWV ZLWK JLYHQ PLFUR PHFKDQLFDO SDUDPHWHUV
• FRPSXWDWLRQ RI UHVXOWDQW IRUFH DQG WRUTXH DSSOLHG RQ GLVFUHWH HOHPHQWV
• SHUIRUPLQJ WKH QXPHULFDO LQWHJUDWLRQ WR FRPSXWH OLQHDU DQG DQJXODU YHORFLWLHV DQG SRVLWLRQV RI GLVFUHWH HOH
PHQWV
• DSSO\LQJ ERXQGDU\ FRQGLWLRQV DQG ORDGLQJV
• VDYLQJ WKH GRPDLQ VWDWH & VHULDOL]DWLRQ RI DOO WKH REMHFWV LQ DQ RXWSXW I OH
7KH RUGHU ZKLFK WKHVH SOXJLQV DUH FDOOHG GXULQJ WKH H[HFXWLRQ RI D *UDQ22¶V VLPXODWLRQ LV VSHFLI HG LQ D VHSDUDWHG
;0/ H;WHQVLEOH 0DUNXS /DQJXDJH I OH FDOOHG LQSXW I OH 7KLV LQSXW I OH DOORZV WR SDUDPHWUL]H LQ D VWDQGDUG PDQQHU
DQ QXPHULFDO H[SHULPHQW ,W UHVXPHV LQ D KXPDQ UHDGDEOH IRUPDW DOO WKH WUHDWPHQWV SURFHVVHG GXULQJ WKH H[HFXWLRQ
RI D VLPXODWLRQ
 $ 6&,(17,),& 722/
,Q WKH *UDQ22¶V SRLQW RI YLHZ WKH XVHU LV DOVR D GHYHORSHU +H GHYHORSV LWV RZQ DSSOLFDWLRQ E\ XVLQJ WKH VWDQGDUG
WRROV SURYLGHG E\ WKH ZRUNEHQFK %\ WKH ZD\ *UDQ22 LV D SRZHUIXO WRRO WKDW JLYHV WR WKH XVHU WKH SRVVLELOLW\ WR GR
ZKDWKHZDQWV LQVLGH D FRKHUHQW IUDPHZRUN 7KH SURJUDPPLQJ IUDPH XVHG E\ *UDQ22 DOORZV DQ HDV\ LQWHJUDWLRQ RI
WKHVH GLIIHUHQW GHYHORSPHQWV ,I D XVHU VXSSRVHV WKDW LWV GHYHORSPHQW LV LQWHUHVWLQJ IRU WKH UHVW RI WKH FRPPXQLW\ KH
FRXOG VXEPLW LWV ZRUN WR WKH *UDQ22¶V GHYHORSHU WR LQWHJUDWH LW LQ WKH VWDQGDUG GLVWULEXWLRQ 7KLV RUJDQL]DWLRQ EDVHG
RQ WKH IUHH VRIWZDUH SKLORVRSK\ DOORZV WR *UDQ22 WR FDSLWDOL]H HDFK SHUVRQDO ZRUN LQ D FRKHUHQW DQG GRFXPHQWHG
IUDPHZRUN
 ' $QGUp HW DO | <RXQJ ,QYHVWLJDWRUV &RQIHUHQFH 
D ([SHULPHQWDWLRQ >@ E 6LPXODWLRQ
)LJXUH  7KH KHUW]LDQ FRQH FUDFN
 $33/,&$7,21 (;$03/( 7+( +(57=,$1 &21( &5$&.
7KH KHUW]LDQ FRQH VHH I JXUH D LV SURGXFHG ZKLOH ORDGLQJ D EULWWOH VROLG ZLWK D VSKHULFDO LQGHQWHU ,W ZDV I UVW
REVHUYHG E\ +HUW] > @ LQ WKH HQG RI WKH HLJKWHHQWK FHQWXU\ 7KLV SKHQRPHQD KDV EHHQ LQWHQVLYHO\ VWXGLHG KRZHYHU
FRPSXWDWLRQDO PRGHOV DUH VWLOO LQ GLVFXVVLRQ > @ )LJXUH E VKRZV WKH REWDLQHG UHVXOWV RI WKH DVVRFLDWHG '(0
VLPXODWLRQ 7R YDOLGDWH WKH UHVXOWV WKH JHRPHWULFDO FKDUDFWHULVWLFV RI WKH QXPHULFDOO\ KHUW]LDQ FRQH FUDFN ZHUH
FRPSDUHG WR WKH H[SHULPHQWDOO\ RQH 7KH PHDVXUHV VKRZ D JRRG DGHTXDWLRQ EHWZHHQ WKH QXPHULFDO UHVXOWV DQG WKH
H[SHULPHQWDO REVHUYDWLRQV 7KLV NLQG RI SUREOHP VKRZV WKH DELOLW\ RI WKH '(0 DQG WKH DVVRFLDWHG ZRUNEHQFK WR
GHDO ZLWK QRQWULYLDO FUDFN SKHQRPHQD OLNH WKH KHUW]LDQ FRQH FUDFN SUREOHP
 &21&/86,21
7KH *UDQ22 SURMHFW KDV FRQGXFWHG WR WKH GHYHORSPHQW RI D IUHH ZRUNEHQFK IRU GLVFUHWH HOHPHQW VLPXODWLRQ 7KH
QXPHULFDO PHWKRG FKRVHQ LV ZHOO DGDSWHG WR G\QDPLF DQG GLVFRQWLQXRXV SUREOHPV G\QDPLF VROYHU HDV\ FRQWDFW
GHWHFWLRQ $ PHWKRGRORJ\ KDV EHHQ SURSRVHG WR VROYH TXDQWLWDWLYHO\ WKHVH SUREOHPV DQG KDV EHHQ LPSOHPHQWHG
LQ *UDQ22 2I FRXUVH PRVW RI WKH ZRUN WR REWDLQ SUHGLFWLYH UHVXOWV UHPDLQV WR EH GRQH 7KH JRDO RI WKH *UDQ22
ZRUNEHQFK LV WR ZLGHQ WKH QXPEHU RI VFLHQWLVW WKDW FDQ XVH '(0 VLPXODWLRQ WR JHQHUDWH IUXLWIXOO FROODERUDWLRQ DQG
LPSURYH WKH OHYHO DQG QXPEHU RI LQQRYDWLRQ LQ WKDW I HOG
5()(5(1&(6
>@ 'DPLHQ $QGUp ,YDQ ,RUGDQRII -HDQ OXF &KDUOHV DQG -HURPH 1pDXSRUW 'LVFUHWH HOHPHQW PHWKRG WR VLPXODWH FRQWLQXRXV
PDWHULDO E\ XVLQJ WKH FRKHVLYH EHDP PRGHO &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV DQG (QJLQHHULQJ ±
±  
>@ $ %REHW $ )DNKLPL 6 -RKQVRQ - 0RUULV ) 7RQRQ DQG 0 5 <HXQJ 1XPHULFDO PRGHOV LQ GLVFRQWLQXRXV PH
GLD 5HYLHZ RI DGYDQFHV IRU URFN PHFKDQLFV DSSOLFDWLRQV -RXUQDO RI *HRWHFKQLFDO DQG *HRHQYLURQPHQWDO (QJLQHHULQJ
± 
>@ + $ &DUPRQD ) . :LWWHO ) .XQ DQG + - +HUUPDQQ )UDJPHQWDWLRQ SURFHVVHV LQ LPSDFW RI VSKHUHV 3K\VLFDO 5HYLHZ
 
>@ 3 $ &XQGDOO DQG 2 ' / 6WUDFN $ GLVFUHWH QXPHULFDO PRGHO IRU JUDQXODU DVVHPEOLHV *HRWHFKQLTXH ± 
>@ * *HDQGLHU 6 'HQLV DQG $ 0RFHOOLQ )ORDW JODVV IUDFWXUH WRXJKQHVV GHWHUPLQDWLRQ E\ KHUW]LDQ FRQWDFW H[SHULPHQWV DQG
DQDO\VLV -RXUQDO RI 1RQ&U\VWDOOLQH 6ROLGV  ±  
>@ 6 +HQW] ) 9 'RQ]p DQG / 'DXGHYLOOH 'LVFUHWH HOHPHQW PRGHOOLQJ RI FRQFUHWH VXEPLWWHG WR G\QDPLF ORDGLQJ DW KLJK
VWUDLQ UDWHV &RPSXWHUV 	 6WUXFWXUHV ± 
>@ +HLQULFK +HUW] +HUW]¶V 0LVFHOODQHRXV 3DSHUV YROXPH  FKDSWHU 2Q KDUGQHVV  0DFPLOODQ 
>@ +HLQULFK +HUW] +HUW]¶V 0LVFHOODQHRXV 3DSHUV YROXPH  FKDSWHU 2Q WKH FRQWDFW RI HODVWLF VROLG  0DFPLOODQ 
>@ %5 /DZQ 75 :LOVKDZ DQG 1(: +DUWOH\ $ FRPSXWHU VLPXODWLRQ VWXG\ RI KHUW]LDQ FRQH FUDFN JURZWK ,QWHUQDWLRQDO
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